Ticks (Acari: Ixodidae) are obligatory hematophagous ectoparasites of a variety of vertebrate hosts and play an important role in the transmission and ecology of infectious pathogens causing diseases in humans and animals worldwide. Sixty-eight species of ticks exist in Brazil, and at least 23 are found parasitizing wild birds. This number is increasing with the advent of new studies highlighting the underestimated role of birds in the life cycle of these arthropods. In South America, many of these ticks are involved in epidemiology of the life-threatening spotted fever diseases caused by bacteria from the genus Rickettsia (Rickettsiales: Rickettsiaceae). The aim of this paper is to present up-to-date knowledge about the bird-tick fauna of Brazil and their association with rickettsioses. The available literature concerning ticks on birds and tick-borne diseases related to these ticks in Brazil has been revised. It could be concluded that birds play a primary role in life cycles of various tick species, especially during immature stages (larvae and nymphs). The best known is a bird-tick fauna from the Atlantic Forest and from Brazilian savannah called Cerrado in southern and central Brazil, respectively. On the other hand, the knowledge about bird tick parasitism from other Brazilian biomes such as the Amazon, Caatinga, Pantanal and Pampas regions is very scarce and requires further study. Moreover, no studies about the role of birds as mobile hosts for spreading ticks to new areas exist, nor has their role in the natural life cycle of Rickettsia been thoroughly examined.
Introduction
Ticks (Acari: Ixodidae) are blood-feeding ectoparasites of wild and domestic terrestrial or semi-aquatic vertebrates. Ticks have a worldwide distribution and are capable of transmitting a broad range of human and animal pathogens.
Currently the Brazilian tick fauna is represented by 68 species, 46 in the Ixodidae family and 22 in the Argasidae family (ARAGÃO 1936; DANTAS-TORRES et al., 2009a LABRUNA; VENZAL 2009; NAVA et al., 2010a; BARROS-BATTESTI et al., 2015; KRAWCZAK et al., 2015) .
In Brazil, several species of ticks representing genera Ornithodoros, Ixodes, Amblyomma, and Haemaphysalis have been found parasitizing wild birds; however, insight derived from the latest investigations suggest that the Brazilian bird tick fauna is probably much more diverse than presently known. The recent increase in studies on ticks parasitizing birds is related with: (i.) Advent of molecular methods for identification of immature stages, especially larvae by amplifying fragments of mainly of 16S RNA gene (MANGOLD et al., 1998) and/or 12S RNA gene (BEATI; KEIRANS, 2001 ) and comparing the obtained sequences with those available in GenBank; (ii) Publication of identification key for nymphs of Amblyomma -the most commonly found genera on birds in Brazil . Before that, the only solution was to identify larvae and nymph of Amblyomma by rearing them on rabbits to adult stages (LABRUNA et al., 2002a; SZABÓ et al., 2007a,b; 2009; OGRZEWALSKA et al., 2009a) , although this method was not very efficient, especially for larvae that usually died before reaching the adult stage.
About 60% of the bird species documented for South America are found in Brazil. Currently, 1,901 species (PIACENTINI et al., 2015) are registered, but this number is still increasing almost every year. This is due to new occurrences or new species being described, like a spectacular discovery of 15 new species in 2013 in Brazilian Amazon (DEL HOYO et al., 2013) . Although Brazilian ornitofauna is rich and diverse, the involvement of wild birds in the epidemiology of diseases is poorly known. Most research investigating bird diseases focuses on viral zoonosis in direct contact with poultry, viral diseases affecting industrial aviculture or possible transmission of viruses by migratory birds, such as Avian influenza (ARAUJO et al., 2014) , Newcastle Disease Virus (CUNHA; SILVA, 1955; OLIVEIRA et al., 2000; ORSI et al., 2010; THOMAZELLI et al., 2012) , West Nile virus (OMETTO et al., 2013) , Avian Bornavirus (ENCINAS-NAGEL et al., 2014) and little is known about the role of birds as disseminators of potentially infected ectoparasites such ticks or their role as potential reservoirs of pathogens harbored and transmitted by ticks.
Outside of Brazil, mainly in Europe and North
America, the role of birds as hosts and disseminators of ectoparasites such as ticks have been broadly studied. Birds were shown to be important mobile hosts responsible for the spread of one or more stages of ticks and tick-borne pathogens such as Rickettsia, Borrelia, Anaplasma and Ehrlichia (ANDERSON et al., 1896; PARKER et al., 1933; HOOGSTRAAL, 1961; 1963; SOMOV; SOLDATOV, 1964 apud HUBÁLEK 2004 OLSEN et al., 1993; GERN et al., 1998; HUMAIR et al., 1998; ALEKSEEV et al., 2001; BJÖERSDORFF et al., 2001; DANIELS et al., 2002; SANTOS-SILVA et al., 2006; SMITH et al., 2006; OGDEN et al., 2008; HAMER et al., 2011; GELLER et al., 2013; NORTE et al., 2013; LITERAK et al., 2015) .
Migratory birds in particular have received much attention as they can transport potentially infected ticks across large areas and may account for the origin of some new foci of diseases (ANDERSON et al., 1986; OLSEN et al., 1995a; KLICH et al., 1996; SMITH et al., 1996; RAND et al., 1998; KINSEY et al., 2000; SCOTT et al., 2001 SCOTT et al., , 2010 SCOTT et al., , 2012 JONGEJAN et al., 2004; MORSHED et al., 2005; DUBSKA et al., 2009; ELFVING et al., 2010; HILDEBRANDT et al., 2010; KJELLAND et al., 2010; HASLE et al., 2011; HASLE, 2013; MOVILA et al., 2011; GELLER et al., 2013; CAPLIGINA et al., 2014) , even introducing them to different continents (OLSEN et al., 1995b; MUKHERJEE et al., 2014; . Although the role of birds as hosts and disseminators of ticks has received much attention over the past several years, there is a lack of studies in South America, including Brazil. The aim of this review is to present up-to-date knowledge about the bird-tick fauna of Brazil and their association with rickettsioses.
Ticks found parasitizing birds in Brazil Family Argasidae
Argas (Persicargas) miniatus Koch 1844. It is the only species representing the genera Argas in Brazil, until now only found on domestic fowls (LOUREIRO, 1966; EVANS et al., 2000; ARZUA et al., 2005; LOROSA et al., 2007) . No records of human parasitism exist.
Ornithodoros mimon Kohls, Clifford and
Jones 1969 parasitizes bats (Chiroptera) in Bolivia, Uruguay, Argentina and Brazil (KOHLS et al., 1969; VENZAL et al., 2004a; LABRUNA et al., 2014) .
Larvae were found parasitizing small mammals from the order Didelphimorphia and Rodentia collected in woodland fragments of Cerrado in the Mato Grosso do Sul, Brazil (SPONCHIADO et al., 2015) . Recently, a few larvae were collected from wild Passeriformes birds in Mato Grosso . This species is aggressive to humans; however, its role in tick-borne diseases is still unknown (BARROS-BATTESTI et al., 2011; LANDULFO et al., 2012; LABRUNA et al., 2014) .
Ornithodoros sp. The sole larva has been also reported on swift Streptoprocne zonaris (Shaw,
1796) (Apodiformes) captured in Minas Gerais
State (TOLESANO-PASCOLI et al., 2014) .
Family Ixodidae

Amblyomma aureolatum (Pallas, 1772).
Distribution of A. aureolatum is restricted to the eastern area of South America, from Uruguay to Surinam, including northeastern Argentina, eastern Paraguay, southeastern to southern Brazil, and French Guiana .
This tick species is typical of the Atlantic rainforest region, where it finds optimal conditions of high humidity and cool temperatures SZABÓ et al., 2009 , LABRUNA et al., 2005b , but in the rural areas close to rainforest remnants, adult ticks feed mainly on domestic dogs MORAES-FILHO et al., 2009; OGRZEWALSKA et al., 2012a) . Only a few host records have been reported for the immature stages (larvae and nymphs) of A. aureolatum, including wild birds in southern Brazil GUGLIELMONE et al., 2003; OGRZEWALSKA et al., 2012a; PACHECO et al., 2012) , Uruguay (VENZAL et al., 2005) , Paraguay , and a few rodent species from families Echimyidae, Ctenomyidae, and Bradypodidae (GUGLIEMONE et al., 2003; GUGLIELMONE et al., 2014) . Within its distribution area, all parasitic stages of A.
auricularium are found feeding mainly on armadillos (Dasypodidae), although immature stages are also found feeding on small rodents HORTA et al., 2011 Although A. auricularium is not known to be a vector of pathogens causing diseases in humans or animals and no report of human infestation by these tick exists, it is important to point out that this species was recently found to be infected with 'Candidatus Rickettsia amblyommii' and R. bellii (SARAIVA et al., 2013; LUGARINI et al., 2015) .
Amblyomma brasiliense Aragão 1908 occurs in
Brazil, Argentina and Paraguay (GUGLIELMONE et al., 2014 (LABRUNA et al., 2007a; TEIXEIRA et al., 2008; OGRZEWALSKA et al., 2009a; 2011a; SANTOLIN et al., 2012; SILVEIRA et al., 2015; TOLESCANO-PASCOAL et al., 2014; RAMOS et al., 2015) . Still, birds are considered accidental hosts, as even in areas where this tick is extremely abundant, birds are rarely found parasitized by this species (OGRZEWALSKA et al., 2011b) . In Brazil, A.
sculptum is a very aggressive tick to humans and the main vector of R. rickettsii to humans causing the lethal disease known as Brazilian spotted fever (SZABÓ et al., 2013a; KRAWCZAK et al., 2014) .
Amblyomma calcaratum Neumann, 1899 has been reported from Mexico to Argentina, where the adult stage is found feeding almost exclusively on anteaters (Myrmecophagidae) (JONES et al., 1972; CÀCERES et al., 2002; WITTER et al., 2016) (MARTINS et al., 2014b) , the region of Pantanal in the state of Mato Grosso and Cerrado in the state of Mato Grosso and Mato Grosso do Sul . Moreover, this species was found parasitizing wild birds in Peru (OGRZEWALSKA et al., 2012b) , Paraguay and Costa Rica . Amblyomma calcaratum is a species of potential medical importance because a spotted fever group bacterium, identified as Rickettsia parkeri-like agent, was recently reported infecting nymphs collected from birds in Brazil . According to literature, this species has been found infesting humans .
Amblyomma coelebs Neumann, 1899 is established in the Neotropical and Nearctic regions MARTINS et al., 2011; MARTINS et al., 2014a; SPONCHIADO et al., 2015; WITTER et al., 2016) , Didelphimorphia (LABRUNA et al., 2005a; SARAIVA et al., 2012; SPONCHIADO et al., 2015; WITTER et al., 2016) , Cingulata (MARTINS et al., 2014a) , Artiodactyla (LABRUNA et al., 2005a , Carnivora (LABRUNA et al., 2002a; 2005b; MARTINS et al., 2011; WITTER et al., 2016 ) and on humans (LABRUNA et al., 2005a; GARCIA et al., 2015) . Although few records of immature A.
coelebs exist in Brazil (OGRZEWALSKA et al., 2009a and in Costa Rica , birds are rather accidental host for this species. Ticks A. coelebs were shown to be infected with 'Ca. Rickettsia amblyommii' in Brazil (LABRUNA et al., 2004a; SILVEIRA et al., 2015; WITTER et al., 2016) and French Guyana (PAROLA et al., 2007) . found on birds (ARAGÃO, 1936; LABRUNA et al., 2007a; SOARES et al., 2009; OGRZEWALSKA et al., 2008 OGRZEWALSKA et al., , 2009a OGRZEWALSKA et al., , 2011a OGRZEWALSKA et al., , 2012a TOLESANO-PASCOLI et al., 2010; NAVA et al., 2010b; LUGARINI et al., 2015; RAMOS et al., 2015; GRESSLER et al., 2016; WITTER et al., 2016) . All stages (adults, nymphs and larvae) have been found infected with 'Ca. R. amblyommii' or bacteria closely related to it (LABRUNA et al., 2004a; OGRZEWALSKA et al., 2008 OGRZEWALSKA et al., , 2010 OGRZEWALSKA et al., , 2011a OGRZEWALSKA et al., , 2012a OGRZEWALSKA et al., , 2015 MEDEIROS et al., 2011; PACHECO et al., 2012; LUGARINI et al., 2015; RAMOS et al., 2015; NOVAKOVA et al., 2015; Table1) . Relevant association between species of birds are presented elsewhere (LUZ; FACCINI, 2013). . The adults of this species are commonly found in the anteaters (Xenarthra, Pilosa) (ARAGÃO, 1936; JONES et al., 1972; BECHARA et al., 2002; LABRUNA et al., 2002a; DANTAS-TORRES et al., 2010; MARTINS et al., 2014a) . Subadults, especially nymphs, seem to feed primarily on birds (JONES et al., 1972; LABRUNA et al., 2007a; OGRZEWALSKA et al., 2009a OGRZEWALSKA et al., , 2011a OGRZEWALSKA et al., , 2012a TOLESANO-PASCOLI et al., 2010; LUZ et al., 2012; MARTINS et al., 2013; PASCOAL et al., 2013; TORGA et al., 2013; LUGARINI et al., 2015; NOVAKOVA et al., 2015; RAMOS et al., 2015; WITTER et al., 2016 SABATINI et al., 2010; SZABÓ et al., 2013a, b) .
Amblyomma dissimile
Amblyomma pacae Aragão, 1911 is a Neotropical tick whose usual hosts for adult and nymphs are Rodentia (Cuniculidae) (LABRUNA et al., 2005c; GUGLIELMONE et al., 2014) . Records of human parasitism occur . Only one record exists of parasitism of birds Cariama cristata (Linnaeus, 1766) by larvae and nymphs;
however, birds were maintained in captivity (TEIXEIRA et al., 2008) .
Amblyomma parkeri Fonseca and Aragão, 1952
is a rare species, currently considered endemic to southeastern and southern Brazil. MULLINS et al., 2004; SZABÓ et al., 2007a; CANÇADO et al., 2008; SARAIVA et al., 2012) . Adult stages are frequently associated with a wide variety of wild and domestic mammals (LABRUNA et al., 2005b; NAVA et al., 2006 NAVA et al., , 2008b SZABÓ et al., 2007a; MARTINS et al., 2011) . Records exist of human parasitism .
Despite the fact that immature stages seem to prefer small mammals HORTA et al., 2011; SARAIVA et al., 2012) , birds also seem to take part in the life cycle for this tick in dry areas of the Cerrado and Caatinga biomes LUGARINI et al., 2015) and Chaco biome in Argentina (NAVA et al., 2006 , 2008b LABRUNA et al., 2003; SZABÓ et al., 2003 SZABÓ et al., , 2007b VENZAL et al., 2008; MARTINS et al., 2011; NAVA et al., 2011) . Larvae and nymphs of A. triste are common parasites of small rodents VENZAL et al., 2008; NAVA et al., 2011) and birds in Argentina (NAVA et al., 2011; FLORES et al., 2014) SILVEIRA et al., 2015) and Mato Grosso State . This tick is of public health relevance as its species is frequently found biting humans and involved in epidemiology of spotted fever caused by R. parkeri in Uruguay (VENZAL et al., 2004b; PACHECO et al., 2006; VENZAL et al., 2012) , Argentina (NAVA et al., 2008a) and possibly in Brazil (SILVEIRA et al., 2007; MELO et al., 2015) .
Amblyomma varium Koch, 1844. This tick is widely distributed from southern Central America to Argentina (GUGLIELMONE et al., 2014) . It is known in Brazil as the "sloth's giant" because during the adult stage, the tick presents a high host specificity and is found almost exclusively on the sloths from the families Bradypodidae and Megalonychidae (MARQUES et al., 2002; GUGLIELMONE et al., 2014 
Haemaphysalis leporispalustris Packard, 1869
has wide distribution across the American continent, from Alaska to Argentina (GUGLIELMONE et al., 2014) . Usual hosts for larvae, nymphs and adult ticks are wild rabbits (Lagomorpha: Leporidae), and birds appear to be alternative hosts for the immature stages in some areas (STAFFORD et al., 1995; BELDOMENICO et al., 2003; FLORES et al., 2014 It is noteworthy how birds play an import role as host to ticks. On the other hand, many questions still remain unsolved as to the role of avian hosts as reservoirs or amplifiers of Rickettsia. Randolph (1998) describes the important differences between ticks and insects with respect to competence of being a reservoir and vector of pathogens. In fact, when compared to haematophagus insects, hard ticks show a longer lifespan and fewer blood meals. In order to be successfully transmitted by ticks, a pathogen organism must use two main strategies: First, use a vertebrate animal as a reservoir in order to be accessed by ticks and, second, successfully use the tick female transovarian route combined with using vertebrate hosts as amplifiers in order to spread horizontally on tick population. Cooksey et al. (1990) describes that the R. rickettsii life cycle relies on the second strategy; therefore, at least one rickettsial amplifier host must be identified among the most sui tick hosts on determined localization, otherwise the bacteria would disappear from a ticks´ population.
Rhipicephalus
Moreover, Labruna (2009) States. Although the spotted fever group antibodies were detected in sera of two birds, the authors suggest that these antibody titers are rather due to nonspecific factors in the sera, rather than indicative of rickettsial infection. Experimentally, Lundgren et al. (1966) inoculated R. rickettsii in different species of birds (chickens, pigeons, pheasants, sparrow hawks, redtailed hawks, ravens, magpies, and a marsh hawk);
only pigeons showed antibody titers, but all them presented rickettsemia that was weak and transient in some species. However, the capacity of the birds being an infection source was not accessed.
More recently, Moraru et al. (2013) tested laboratory infected cotton rats and quail as amplifier hosts for R. parkeri. While viable R. parkeri was reisolated from blood, skin and spleen tissues of the cotton rats, none was found on quails. This experiment shows that in the same conditions of infection, R. parkeri was able to amplify in cotton-rats but not in quail. Maciel et al. (2013) tested 300 chickens that were maintained freely on an endemic area for rickettsial infected ticks, and only 1.33% of the animals yielded seropositive outcome. however, some studies show that ticks collected from wild birds are infected with some rickettsial agents.
Rickettsia species found in ticks parasitizing birds in Brazil
Rickettsia bellii is considered the most common Rickettsia in various tick species from the New World auricularium and A. nodosum (Table 1) . Currently, R.
bellii is considered non-pathogenic to humans (LABRUNA, 2009 ) and other animals (HORTA et al., 2007; PINTER et al., 2008) .
'Candidatus Rickettsia andenae' is a spotted fever group agent infecting found infecting adults of A. parvum in Argentina (PACHECO et al., 2007) , Brazil , A. maculatum in Unites States (PADDOCK et al., 2010; FORNADEL et al., 2011; JIANG et al., 2012; FERRARI et al., 2013; NADOLNY et al., 2014) and Peru (BLAIR et al., 2004; JIANG et al., 2005; FLORES-MENDOZA et al., 2013) , Amblyomma pseudoconcolor Aragão, 1908 in Argentina (TOMASSONE et al., 2010a , A. triste in Chile (ABARCA et al., 2012), A. sculptum in Brazil (WITTER et al., 2016) , R. sanguineus (FLORES-MENDOZA et al., 2013) , and Ixodes boliviensis Neumann, 1904 (JIANG et al., 2005 in Peru. Nymphs of A. parvum collected from wild birds of were found infected with this Rickettsia in Paraguay , and in Brazil (LUGARINI et al., 2015) ( Table 1 ). The role of "Ca.
Rickettsia andeanae" as a human pathogen is unknown.
'Candidatus Rickettsia amblyommii' is an incompletely characterized alphaproteobacterium in the spotted fever group (SFG) of organisms. This bacterium seems to have a wide distribution and has been found infecting various species of ticks across various countries in the Americas: Unites States (STROMDAHL et al., 2008; JIANG et al., 2010; MONCAYO et al., 2010; TROUT et al., 2010; , Honduras (NOVAKOVA et al., 2015) , Costa Rica (HUN et al., 2011; OGRZEWALSKA et al., 2015) , Panama (BERMUDEZ et al., 2011 ), French Guyana (PAROLA et al., 2007 and Argentina (LABRUNA et al., 2007c) .
In Brazil, this species was isolated in 2004 for the first time from ticks found in Rondônia State, Western
Amazon. The strain isolated form adult male A.
longirostre collected from a porcupine Coendou prehensilis Linnaeus, 1758, was designated as the strain Aranha (LABRUNA et al., 2004c) . Later, closely related genotypes were found also in A. auricularium (SARAIVA et al., 2013 ), A. cajennense (LABRUNA et al., 2004a DE BARROS-LOPES et al., 2014; WITTER et al., 2016 ), A. coelebs (LABRUNA et al., 2004b SILVEIRA et al., 2015; WITTER et al., 2016) and A.
longirostre (MEDEIROS et al., 2011; MCINTOSH et al., 2015) . In 2006 (Table 1) . Recently, immature A. auricularim A. geay, A. nodosum, A. varium LABRUNA et al., 2007d) , and recently it was associated in USA with a rash in humans (BILLETER et al., 2007) . It was also proposed that some of the rickettsiosis cases reported as Rocky Mountain spotted fever in the USA may have been caused by "Ca. Rickettsia amblyommii" instead of R. rickettsii (APPERSON et al., 2008) .
Rickettsia parkeri and Rickettsia parkeri-like strains
Rickettsia parkeri agent is responsible for spotted fever cases in humans in the United States where it is transmitted by Amblyomma maculatum Koch, 1844 (PADDOCK et al., 2004 , 2008 WHITMAN et al., 2007; FORNADEL et al., 2011) . This pathogen was also detected in A. maculatum in Peru (FLORES-MANDONZA et al., 2013) , A. triste in Uruguay (VENZAL et al., 2004a (VENZAL et al., , 2012 PACHECO et al., 2006; CONTI-DÍAZ et al., 2009 ), Argentina (NAVA et al., 2008a and Brazil (SILVEIRA et al., 2007) and in A. tigrinum in Bolivia (TOMASSONE et al., 2010b) .
Closely related with R. parkeri, strain denominated Rickettsia sp. Atlantic Rainforest was also found in Brazilian populations of A. ovale and A. aureolatum ticks (SABATINI et al., 2010; MEDEIROS et al., 2011; BARIBIERI et al., 2014; WITTER et al., 2016) and was recently proven to cause a milder version of Brazilian spotted fever caused by R. rickettsii (SPOLIDORIO et al., 2010; SILVA et al., 2011 Parasitology, v. 98, n. 1, p. 36-45, 2012 
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